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(54) Semlcmductor memory device 

(57) A semiconductor memory device is con- 
structed to include a memory cell formed by a plurality 
of transistors, wherein each of gate wiring layers of all of 



the transistors forming the memory cell is arranged to 
extend in one direction. 
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Desctiption 

BACKGROUNH OF THE INVENTKDN 

1. Reld of the Invention 

[0001] The present invention goierally relates to 
semiconductor memory devices, and more particularly 
to a semiconductor memory device such as a static ran- 
dom access memory (SRAM). 
[0002] In semiconductxM^ memory devices, memory 
cells occupy a large portion of the device area. Hence, 
the memory cell is an important factor which determines 
the size, aocess speed and power consumption of the 
semiconductor memory device. 

2. Description of the Related Art 

[0003] Rrsl, a description wHI t>e given of a memory 
cell of a conventional l-read-write/1 -write (1RW/1R) 
RAM. FIG. 1 is a circuit diagram showing a memory cell 
of a conventional 1RW/1R RAM. FIG. 2 is a diagram 
showing a l^out of the memory cell of the conventional 
1RW/1R RAM. FIG. 3 is a diagram lor explaining vari- 
ous symbols used to indicate a gate polysilicon layer, a 
gate contact layer, a source/drain contact region, a 
sourceWrain region, a well contact region, a cell frame, 
a P-type well region, and an N-type well region in the 
layout shown in FIG. 2. 

[0004] In FIG. 1. P-channel MOS transistors Trp1 
and Trp2, N-channel MOS transistors Trn1 through 
Tm8. bit lines BLA. BLB. XBIA and XBLB, word lines 
WLA and WLB. and power tines VDD and VSS for 
respectively supplying power supply voltages VDD and 
VSS are coupled as shown. 

10005] In FIG, 2. gates of tfie transistors Trn3 and 
Tm4 are connected by a gate polysilicon layer 61 , and 
gates of the transistors TrnS and Trn7 are connected by 
a gate polysilicon layer 62. This is because the gates of 
the transistors TrnS and Trn4 are connected to the same 
word line WLA, and the gales of the transistors TrnS and 
Tm7 are connected to the same word fine WLB. as may 
be seen from FIG. 1. 

[0006] When the layout shown in RG. 2 is 
enployed. portions where the transistors are formed 
are inevitably separated and a large area is occupied 
thereby That is. even among the N-channel MOS tran- 
sistors which are of the same nMOS type, the 
source/drain regions are separated and an additional 
area is occupied thereby More particularly, tfie cell 
frame shown in FIG. 2 is separated into the regions of 
the transistors Tml and Tm3. *ie transistors Trn2 and 
Trn4, the transistors TrnS and TrnS. and the transistors 
Trn7 and TrnS, 

[0007] On the other hand, since the gate polysilicon 
layer 61 of the transistors Trn3 and Trn4 cannot be 
arranged in the same direction as gate polysilicon layers 
63 and 64 of the otiier transistors, tiie 1 RW/1R RAM is 
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easily affected by inconsistencies introduced during the 
production process of the memory cell. In other words, 
the dimensional accuracies of the gate polysilicon lay- 
ers 61 and 62 and the gale polysilicon layers 63 and 64 
which extend in different directions become different 
due to the inconsistencies introduced during the pro- 
duction process. For this reason, even if the gate poly- 
silicon layers 61 and 62 are designed to have the same 
length as the gate polysilicon layers 63 and 64. for 
exanple. the actual resistances of the gate polysiUcon 
layers 61 and 62 become different from the actual 
resistances of the gate polysilicon layers 63 and 64. As 
a result, the access speed and the power consumption 
of the memory cell are affected by the different resist- 
ances, and the balance of the memory cell as a whole 
deteriorates. Therefore, it is difficult to guarantee a sta- 
ble operation of the semiconductor memory device. 
[0008] As described above, in the conventional 
semiconductor memory device, there were problems in 
tiiat it is difficult to reduce the area occupied by the 
memory cell, and that ft is difficult to guarantee a stable 
operation of the semiconductor memory device due to 
the effects of tiie inconsistencies introduced during tiie 
production process. 

IMMARY OF THI= IMVENTION 

[0009] Accordingly, it is a general object of the 
present invention to provide a novel and useful semi- 
conductor memory device in which the proWems 
described atxsve are eliminated. 
[0010] Anotiier and more specific object of the 
present invention is to provide a semiconductor memory 
device which can reduce an area occupied by a mem- 
ory cell and can guarantee a stable operation of tiie 
semiconductor memory device by minimizing effecis 
caused by inconsistencies which are introduced during 
a production process of the semiconductor memory 
device. 

[0011] Still anotiier object of the present invention is 
to provide a semiconductor memory device comprising 
a memory cell formed by a plurality of transistors, 
wherein each of gate wiring layers of all of the transis- 
tors forming tiie memory cell is arranged to extend in 
one direction. Accorcling to the semiconductor memory 
device of the present invention, it is possible to reduce 
an area occupied by the memory cell, and to guarantee 
a stable operation of the semiconductor memory device 
by taking measures so as to be less affected by incon- 
sistencies irtroduced during a production process of the 
semiconductor memory device. 
[0012] Off the transistors forming the memory cell, 
f irst transistors which are coupled to word lines m^ be 
arranged on an outer side of second transistors which 
are coupled to a power supply, within the semiconductor 
memory device. In addition, of the second transistors, a 
source/drain of a second transistor coupled to the 
power siwly and a substrate contact of tiie power sup- 
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piy may be used in common. Furthermore, of the sec- 
ond transistors, a source/drain of a second transistor 
coupled to another power supply which is different from 
the power supply and a substrate contact of the other 
power supply may be used in comnfK>n. According to the 5 
semiconductor memory device of the present inverrtion. 
It is possible to effetivdy reduce the area occupied tsy 
the memory ceil by the transistor arrangement and the 
common use of the corrtact. 

[0013] The first transisto-s and the second transis- 10 
tors which are coupled to the power sui^ty are made of 
N-channel MOS transistors, and the second transistor 
which Is coupled to the other power supply may t>e 
made of a P-channel MOS transistor. 
1001 4] The semiconductor memory device may fur- is 
ther comprise signal lines including word lines, and a 
power line, wfiere the power line is arranged t>etween 
the signal lines in a single wiring layer. According to the 
semiconductor memory device of the present invention, 
it is possible to reduce the coupling capacitance Intro- 20 
duced between the signal fines, arxj prevent generation 
of noise and inversion (transformation) of data. 
[001 5] A plurality of memory cells may be arranged 
in an array, an adjacent menrwry cell may be an-anged 
adjacent to a certain memory cell, and a source/drain of 2S 
the transistors forming the adjacent memory cell and a 
Ixjlk layer of a substrate contact may be used in com- 
mon by reversing a layout of the certain cell with respect 
to both an x-axis direction and a y-axis direction. In 
addition, the senvconductor memory device may further 30 
comprise power lines, and signal lines, where a plurality 
of memory cells are arranged in an array an adjacent 
memory cell is an-anged adjacent to a certain memory 
cell, and the power lines and the signal lines with 
respect to ihe acQacent memory cell are used in com- 35 
mon with the certain memory cell by reversing a layout 
of the certain memory cell with respect to t>oth an x-axis 
direction and a y-axis direction. According to the semi- 
conductor memory device of the present ffivention, it is 
possible to effectively reduce the area occupied by the 40 
memory cell array. 

[0016] Other ot}jects arid further features of the 
present Invention will be apparent from the following 
detailed description when read in conjunction with the 
accompanying drawings. 45 

BRIEF DESCRIPTION OF THE INVENTION 

[0017] 

so 

FIG. 1 is a circuit diagram showing a memory cell of 

a conventional 1WR/1R RAM: 

FIG. 2 is a diagram showing a layout of the memory 

cell of the conventional 1 RW/1 R RAM; 

FIG. 3 is a diagram for explaining various symbols 55 

used in FIG. 2; 

FIG. 4 is a diagram showing a layout of a memory 
cell of a first embodiment of a semiconductor mem- 



ory device according to the present invention; 
FIG. 5 is a diagram for explaining various symbols 
used in FIG. 4; 

FIG. 6 is a diagram showing a layout for a case 

where 8 menfX)ry cells are arranged around one 

maTX)ry cell shown in FIG. 4; 

FIG. 7 Is a diagram showing tiie layout shown in 

FIG. 6 in a simplified manner; 

FIG. 8 is a diagram for explairvng various symbols 

used in FIG. 7; 

FIG. 9 is a diagram showing a layout of a memory 
cell of a second embodiment of the semiconductor 
menxny device acoordtng to the present Invention; 
FIG. 10 is a diagram for explaining various symtx)ls 
used in FIG. 9; 

FIG. 11 is a diagram showing a layout of power 
lines In the second emt>odiment; and 
FIG. 12 is a diagram for explaining various symbols 
used in FIG. 11. 

DESCRIPTION OF THE PREFERRED EMBODI- 

[0018] A description will be given of emlxxJiments 
of the present invention, by referring to FIGL 4 and the 
subsequent figures. 

[0019] FIG. 4 is a diagram showing a layout of a 
memory cell of a first embodiment of a semiconductor 
memory device according to the present invention. FIG. 
5 is a diagram for explaining various syntols used to 
indicate a gate polysilicon layer, a gate contact Ic^er. a 
source/drain contact region, a source/drain region, a 
well contact region, a cell frame, a P-type well region, 
and an N-type well region in the layout shown in FIG. 4. 
In thus embodiment, the present invention is applied to a 
1RW/1R RAM. The iliusfation of the circuit diagram of 
ttie memory cell of the 1RW/1R RAM will be omitted 
since the circuit diagram is the same as that of tiie con- 
ventional memory cell shown in FIG. 1. In FIG. 4. those 
parts which are the same as those corresponding parts 
in FIG. 1 are designated by the same reference numer- 
als, and a description thereof will be omitted. 
[0020] In this embodiment, the transistors TmS and 
Trn4 which are connected to the word line WLA and the 
transistors TmS and Trn7 which are connected to tiie 
word lines WLB are arranged on the outer side of tiie 
other transistors in the cell frame, as shown in FIG. 4. 
More particularly, the transistors Trn4 and TrnS are 
arranged in an upper portion in FIG. 4. while the transis- 
tors Trn3 and Trn7 are arranged in a lower portion in 
FIG. 4. Hence, it is posstole to use common 
sources/drains 1 1 and 12 wrtii respect to the transistors 
Trnl. Trn2, Trn6 and Tnn8. 

[0021] In otiier words, the power supply sides VSS 
(sources 1 1 ) of tiie transistors Trn1 . Trn2. Trn6 and TmS 
may be used in common, and by further common use 
with substrate contacts (contact regions of the P-type 
wells) 1 3. it is possible to reduce tiie nunrt)er of contacts 



3 



EP0 997 948 A2 



14 to the pmer supply VSS to one. In addition, common 
sources/drains 21 and 22 may be used with respect to 
the transistors Trpi and Trp2. By similariy using the 
power supply sides VOO (sources 21) of the transistors 
Trpi and Trp2 in commoa and by further common use 
with substrate contacts (contact regions of the N-type 
wells) 23. it is possible to reduce the number of contacts 
24 to the power supply VDD to one. 
[0022] Accordingly, the com^entionaf concept of 
using a polysilicon layer to connect the gates of the tran- 
sistors which are connected to the word lines as shown 
in FIG. 2 is totally discarded in this embodiment 
Instead, this emtxxliments arranges the transistors 
Trpi , Trp2 arxl Trni through Trn8 as shown in FIG. 4, so 
that gate polysdicon layers 31 of all of the transistors 
Trpi , Trp2 and Tml tfvough Trnd extend in the same 
direction. As a result, this emtxxiiment is less affected 
by the inconsistencies introduced during the production 
process of the memory cell. 

[0023] The present inventors conducted experi- 
ments to compare the layout of this embodiment shown 
in FIG- 4 and the conventional layout shown in FIG 2. It 
was confirmed from the results of the experiments that 
the area of one memory cell of this embodiment can be 
reduced by approximately 20% as compared to the area 
of one conventional memory cell. 
[0024] As will t>e descrit>ed later in conjunction with 
FIG. 6. contact regions in the cell frame can be used in 
common t)y ananging the layouts of the adjacent mem- 
ory cells in a reverse arrangement with respect to toth 
an X*axis direction and a y-axis direction, in other 
words, contact regions 13. 23 and 43 of the memory 
G^ls can be used in common among a certain memory 
cell and adjacent memory celts ananged above, below, 
to the right and left of the certain memory cell. 
[0025] FIG. 6 is a diagram showing a layout in 
which 8 ac(acent memory cells are arranged around 
one certain memory cell having the layout shown in FIG. 
4. In FIG. 6, those parts which are the same as those 
con-esponding parts in FIGS. 4 and 5 are designated by 
the same reference numerals and symbols, and a 
description thereof will be omitted. In FIG. 6. however, 
the reference numerals of the transistors Trpi . Trp2 and 
Trni through TrnS are divided into upper and lower por- 
tion, such as "Tr" and "pi because of the limited writing 
space available within the figure. 
[0026] As may be seen from FIG. 6. when the layout 
of the adjacent memory cells are reversed or. turned 
over relative to the layout of the certain memory cell with 
respect to both the x-axis direction and the y-axis direc> 
tlon. when ananging the memory cdls in an array, that 
is. in a form of a memory cell array, it Is possible to use 
the sources/drains and a bulk layer of substrate con- 
tacts in common among the memory cells. The bulk 
layer refers to a stacked structure from a substrate to a 
layer under a first metal layer which will be described 
layer. In additioa by rev^ng the layout of the adjacent 
memory cells relative to the layout of the certain mem- 
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ory cell with respect to tx)th the x-axis direction and the 
y-axis direction, it is also possible to use power lines 
such as the power lines VDD and VSS. and signal f nes 
such as the word lines WLA and WLB. the bit lines Bl^ 
5 and BLB. XBLA and XBLB in common among the mem- 
ory cells. 

[0027] In other words, the gate polysilicon layers of 
aO of the transistors forming the memory cells are 
arranged to extend in the same direction. In addition. 

10 the sources/drains of the transistors connected to all of 
the bit lines are arranged to be used in common among 
the certain memory cell and the adjacent memory cells 
located above and below In the plan view. Moreover, the 
sourcesAJrains of the transistors on the power supply 

75 side atvJ the substrate contacts are used in common 
among the memory cells. Furthermore, the substrate 
contacts are used in common among the certain mem- 
pry cell and the adjacent memory cells located on the 
right and left. 

20 [0028] FIG. 7 is a diagram showing the layout 
shown In Fia 6 in a simplified manner. FIG. 8 is adia- 
gram for explaining various symbols used to indicate a 
source/drain contact region, a gate contact region, and 
a normal position of the memory cell in the layout shown 

25 in FIG. 7. As may be seen from FIG. 7, the effect of 
reducing the area occupied by the memory cells 
becomes more notable as the number of memory cells 
in the memory cell array increases. 
[0029] In FIG. 6. it is assumed for the sake of con- 

30 venience that the area of each memory cell is the area 
within each cell frame. However, a region actually occu- 
pied by each memory extends slightly to the outer side 
of each cell frame. Hence, in units of the cell region 
which is actually occupied by each memory ceU. the cell 

35 regions actually occupied by eadi of the memory cells 
overlap among the mutually adjacent cell re^ons 
according to the layout of the memory cells shown in 
FIG. 6. Consequently, it is actually possible to further 
reduce the area of each memory cell by an amount cor- 

40 responding to the overlap of the cell regions of the adja- 
cent menrx)ry cells. 

[0030] FIG. 9 is a diagram showing a layout of a 
menxMy cell of a second embodim^ df the semicon- 
ducta memory devfoe according to the present inven- 
ts tion. FIG. 10 is a diagram showing various symbols 
used to indicate a gate polysilicon layer, a gate contact 
layer, a source/drain contact region, a sourceAdrain 
regfon. a well contact region, a cell frame, a P-type well 
region, an N-type well region, and a first metal layer of 
50 the layout shown in FIG. 9. In addition, FIG. 1 1 is a dia- 
gram showing a layout of power lines in this embodi- 
ment FIG. 12 is a diagram showing various symbols 
used to indicate a second metal layer, a third metal 
layer, a first via hole, a second via hole, and a stacked 
55 via hole region in the layout shown in FIG. 11 . In this 
eihbodiment the present invention is also applied to a 
1 RW/1 R RAM. The ilhjstration of the drcuit diagram of 
the memory cdl of the 1RW/1R RAM will be omitted 
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since the drcuit diagram is the same as that of the con- 
ventional memory cell shown in FIG. 1 . In FIG. 9. those 
parts which are the same as those corresponding parts 
in FIG. 4 are designated by the same reference numer- 
als, and a description thereof will l>e onrutted. 
(0031 1 As may be seen from FIGS. 9 and 1 1 . simi- 
larly to the power line VSS which is arranged between 
the bit lines BLA and BL6 in the same wiring layer (wir- 
ing level of the third metal layer), the power lines VDD 
and VSS are arranged between the word lines WLA and 
WLB in the same wiring layer (wiring level of the second 
metal layer). In other words, by arranging the power line 
so as to be sandwiched between the signal lines in the 
same wiring layer, it is possit)le to reduce the coupling 
capadtance generated between the signal lines, and to 
prevent generation of noise and inversion (transforma- 
tion) of data. As a result it is possible to reduce the cou- 
pling capacitance between ports of the 1RW/1R RAM 
which is a mufti-port RAM. and accordingly, prevent 
interference t>etw8en the ports. 
[0032] In the etnbodiments described above, the 
present invention is applied to the 1RW/1 R RAM. How- 
ever, the application of the present invention is not lim- 
ited to the 1RW/1R RAM, and the present invention is 
similarly applicable to various other kinds of semicorv 
ductor menx>ry devices. 

[0033] Further, the present invention is not limited 
to these embodiments, but various variations and modi- 
fications may be made without departing from the scope 
of the present invention. 

Claims 

1. A semiconductor memory device conprising a 
memory cell formed by a plurality of transistors, 
characten'zed in that: gate wiring layers of all of the 
transistors forming said memory cell are ananged 
to extend In one direction. 



5. The semiconductor memory device as claimed in 
daim 4. characterized in that said first transistors 
and said second transistors which are coupled to 
said power supply are made of N-channel MOS 

5 transistors, and said second transistor which is cou- 
pled to said other power supply is made of a P- 
channel MOS transistor. 

6. The semiconductor memory device as claimed in 
10 any of daims 1 to 5. further comprising signal lines 

induding word lines, arxl a power line, character- 
ized in that: said power line is arranged between 
said signal fines in a single wiring layer. 

15 7. The semiconductor memory device as claimed in 
any of claims 1 to 6. wherein a plurality of memory 
cells are arranged in an array, and an adjacent 
memory cell is an^anged adjacent to a certain mem- 
ory cell, characterized in that: a source/drain of the 

20 transistors forming said adjacent memory cell and a 
bulk layer of a 8uk>strate contact are used in com- 
mon tsy reversing a layout of said certain cell with 
respect to both an x-wds direction and a y-axis 
direction. 

25 

8. The senrdconductor memory device as claimed in 
any of daims 1 to 7. further comprising power lines 
and signal lines, wherein a plurality of memory cells 
are ananged in an anray. and an adjacent memory 

30 cell IS arranged adjacent to a certain memory cell, 
characterized in that said power lines and said sig- 
nal lines with respect to said adjacent memory cell 
are used in convnon with said certain memory cell 
by reversing a layout of said certain memory cell 

35 with respect to both an x-axis direction and a y-axis 
direction. 



2. The semiconductor memory device as daimed in 40 
daim 1, characterized in that: of the transistors 
forming said nnemory cell, first transistors which are 
coupled to word lines are arranged on an outer skle 

of second transistors which are coupled to a power 
supply, within the semkx>nductor memory devk:e. 4S 

3. The semiconductor memory device as daimed in 
daim 2. characterized in that: of said second tran- 
sistors, a source/drain of a second transistor cou- 
pled to the power supply and a sut^strate contact of so 
the power supply are used in common. 

4. The semiconductor menvsry device as daimed in 
daim 2 or 3. characterized in that of said second 
transistors, a source/drain of a second transistor 5S 
coupled to another power supply which is different 
from sakj power supply and a substrate contact of 
the other power supply are used in common. 
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FIG. 5 
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FIG. 8 
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